Despite being important etiological agents of waterborne illness, the sources, transport and decay of human viruses in recreational waters are not well understood. This study examines enterovirus and adenovirus concentrations in coastal water samples collected from four beaches impacted by microbial pollution: (1) Malibu Lagoon, Malibu; (2) Tijuana River, Imperial Beach; (3) Baja Malibu, Baja California; and (4) Punta Bandera, Baja California. Water samples were concentrated using a flocculation-based skim milk method and dead-end membrane filtration (MF). Viruses were enumerated using cell culture infectivity assays and reverse transcription quantitative polymerase chain reaction (RT-QPCR). Across concentration and quantification methods, enteroviruses were detected more often than adenoviruses. For both viruses, MF followed by (RT)QPCR yielded higher concentrations than skim milk flocculation followed by (RT)QPCR or cell culture assays. Samples concentrated by skim milk flocculation and enumerated by (RT)QPCR agreed more closely with concentrations enumerated by cell culture assays than MF followed by (RT)QPCR. The detection of viruses by MF and (RT)QPCR was positively correlated with the presence of infectious viruses.
INTRODUCTION
Globally, exposure to coastal waters polluted with wastewater causes an estimated 120 million gastrointestinal and 50 million severe respiratory illnesses every year (Shuval ) . Collectively, these illnesses are referred to as rec- samples therefore need to be concentrated before detection. pH adjustors; (3) hollow fiber tangential filtration (Rajal et al. a, b) ; (4) polyethylene glycol (PEG) precipitation ( Jaykus et al. ) ; (5) skim milk concentration (Calgua et al. ) ; and (6) filtration through electropositive filters (Sobsey & Glass ) . Some of these methods such as hollow fiber tangential filtration are suited for concentrating very large volumes of water (100 L or more), while other methods such as dead-end MF are only capable of concentrating relatively small water volumes (1 L). Largevolume concentration can be used to lower detection limits, but it also has the potential to co-concentrate inhibitory compounds for infectivity assays and molecular assays (Rajal et al. a) .
After concentration, human viruses have traditionally been enumerated in water samples using cell culture infectivity assays. Permissive cell lines are available for most enteric and respiratory viruses; important exceptions are norovirus (Duizer et al. ) , for which no reliable infectivity assay is available, and wild-type hepatitis A virus which grows poorly in culture (Konduru & Kaplan ) . When implemented in the plaque assay format, it is estimated that between one and 10,000 virions give rise to one plaque-forming unit (PFU), depending on the virus (Flint et al. ) . In culture, human viruses such as adenovirus can take up to 1 week to infect, reproduce and lyse host cells (Lipp et al. ) ; the required time between sample collection and obtaining results is not practical for routine recreational water-quality monitoring. 
MATERIALS AND METHODS

Sample collection
Samples were collected at four sites: (1) Malibu Lagoon, Malibu, CA (ML); (2) the mouth of the Tijuana River, Imper- centrifuge tube. This concentrate was centrifuged at 7,000 × g for 30 min at 12 W C and the pellet was resuspended in 11-22.5 mL phosphate buffered saline (pH 7.5) and stored at -20 W C. The method achieved a 800-fold to 1,600-fold concentration. as BLOQ if the QPCR reaction showed some amplification but was below the LOQ.
PCR inhibition
To assess inhibition, a subset of nucleic acid extracts obtained from the different sites using different concen- 
RESULTS
Adenovirus
Adenoviruses were concentrated from water using MF and skim milk flocculation (milk) and measured by conventional (nested) PCR, QPCR and infectivity assay using cell lines HEK-293 and A549. Hereafter, concentration and enumeration methods will be abbreviated. For example, a viral concentration measured in skim milk concentrate using cell culture methods will be abbreviated to 'milk-cell culture' while a concentration measured by QPCR after MF will be referred to as 'MF-QPCR'.
All techniques were in agreement that adenovirus was not present above detectable levels at sites TJ and ML (Table 2) The MF-QPCR method measured concentrations three orders of magnitude higher than the milk-QPCR method.
Milk-HEK293 detected slightly higher concentrations than Below the limit of quantification (BLOQ) indicates that the RT-QPCR reaction showed some amplification but was not quantifiable. ). MEX AM was the only RNA extract that showed evidence of inhibition; the spiked RNA measured less than onetenth of the expected copy number given the spike. All RNA extracts obtained using the MF concentration method were spiked with between 33 and 3 × 10 6 RNA target copies to test for inhibition; no sample showed evidence of inhibition.
Comparison of viral concentrations between sampling times
Time of day (AM versus PM) was not a significant factor affecting enterovirus concentrations measured by MF-RT-QPCR and milk-BGMK across all sites (p < 0.05, paired ttest). Adenoviruses were detected in two of four sites; at those sites adenoviruses were detected at a higher concentration in the AM versus PM sample, regardless of the quantification method. We recognize that comparisons of virus levels between an AM and a PM sample at a single site are highly speculative and should be interpreted with caution.
Comparison of viral concentrations and fecal indicator bacteria E. coli and enterococci concentrations were highest at sites MEX and BM, which were also the two sites where both viruses were detected by MF-(RT)QPCR (Table 4) Non-detect (ND) indicates that the RT-QPCR reaction for that sample showed no amplification. (2) 
DISCUSSION
